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Progress on the Direct Strength Method
B. W. Schafer!

Abstract
The Direct Strength method is a new design procedure for cold-formed steel members. The
method employs elastic buckling solutions for the cross-section, instead of the element-byelement plate buckling solutions used in traditional design. The use of cross-section elastic
buckling solutions insures inter-element compatibility and equilibrium. The Direct Strength
method uses strength formulas on the gross section, similar to conventional column curves, for
capacity prediction in local and distortional buckling. This avoids effective section calculations
altogether. The reliability of the Direct Strength method is demonstrated for a broad selection of
beams and columns by comparison with existing test data. Extension of the method to beamcolumns is discussed and a solution proposed and demonstrated. Areas needing further research
for final implementation are highlighted. The Appendix to the paper provides detailed
"specification style" language appropriate for employing the Direct Strength method for the
design of beams and columns.

Introduction
Since the development of the first design specification for cold-formed steel in the 1940's the
primary means of assessing the strength of cold-formed steel members has been by the effective
width method. The inputs to the effective width calculation are the individual local plate
buckling stresses for each element of a cross-section, and the material yield stress. Effective
width has proven successful as both a way to idealize the behavior and to predict the strength.
However, implementing the effective width method has drawbacks. For members with
longitudinal stiffeners the number of different effective width's becomes cumbersome.
Determination of effective cross-section properties is too often a tedious design step and wholly
unfamiliar to conventional steel designers. Effective width has no obvious meaning for crosssections that have competing buckling modes, e.g., local and distortional buckling. Finally,
idealizing elastic buckling as individual elements ignores inter-element compatibility and
equilibrium.
Work in the last two decades has added much to our understanding of thin-walled beams and
columns, but a consistent design method that incorporates current knowledge is lacking. The
combination of more refined and computationally cheap methods for member elastic buckling
prediction, improved understanding of post-buckling strength and imperfection sensitivity in
distortional failures, and the relatively large amount of available experimental data allow for a
re-assessment of existing methods and development of new procedures. Consistent integration of
local, distortional and global buckling into the design of thin-walled members is needed.
! Assistant Professor, Johns Hopkins University, Baltimore, MD, USA (schafer@jhu.edu)
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Direct Strength
The Direct Strength method is an attempt to meet current design needs. The primary advantages
of the method are avoiding effective width and effective section calculations, and utilizing the
availability of robust and free solutions for elastic buckling of the entire member. The Direct
Strength method is based on the same underlying empirical assumption as the effective width
method: ultimate strength is a function of elastic buckling and yielding of the material. For
example, in current column design the nominal strength is Pn=Aefffy, where the effective area is
found by AetF~(betIt) and effective width is determined via betFj(fcr,fy), where fer is the elastic
buckling stress of each element determined from plate buckling coefficients. The beff solution
may be compared with Direct Strength design, where nominal strength is Pn=function of (Per,
Py), where Per is the elastic buckling load (for the whole member) determined from finite strip or
other methods.
Feasibility of the Direct Strength method was first demonstrated for laterally braced flexural
members undergoing local or distortional buckling (Schafer and Pekoz 1998) and more recently
for pin-ended compression members undergoing local, distortional or global buckling (Schafer
2002). The Direct Strength method has been noted as a potential method for future design in
several recent textbooks (Yu 2000, Hancock et al. 2001, Ghersi et al. 2002) and review papers
(Davies 2001 and Hancock 2002). The method has even been the subject of some criticism as an
alternative to design by effective width (Rusch and Lindner 2001). Recent work on the Direct
Strength method has focused on the development of specification language appropriate for
adoption by the AISI Committee on Specifications to be used in the design of beams and
columns - as presented in Appendix 1. A complete commentary, design examples, and free finite
strip software (CUFSM) supporting Appendix 1· are available online at www.ce.jhu.edulbschafer.

Elastic buckling analysis
Using finite strip analysis the elastic buckling response of seven different cold-formed steel
members under a variety of different in-plane loads, both flexural and compression, are
summarized in Figure 1. There are at least three relevant modes for elastic buckling response of
cold-formed steel members: local, distortional, and global. All modes are not guaranteed to occur
in all members. A complete design method for cold-formed steel members must include
consideration of all relevant buckling modes.
Traditionally, the AISI Specification has specifically addressed only local and global buckling.
The AISI Specification approach to local buckling is to idealize the member as a collection of
"elements" and investigate local buckling of each element separately. The Direct Strength
method uses the entire cross-section in elastic buckling determination and incorporates local,
distortional and global buckling into the design process. Use of the entire cross-section in the
buckling analysis insures compatibility and equilibrium are maintained at element junctures.
Consideration of interaction amongst elements in local buckling is a key difference between the
elastic bucking calculations ofthe AISI Specification and those of the Direct Strength method.
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Figure 1 Finite strip analysis examples based on AISI (1996) design manual examples
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Consider, as an example, the lipped channel of Figure 1(b), as shown in pure compression,
(design example 1-8 from the A1S1 (1996) design manual). The member's local elastic buckling
load from the finite strip analysis (Figure l(b)) is:
Pere = 0.13-50.42 = 6.55 kips.
The column has a gross area (Ag) of 0.917 in2, implying a member local buckling stress of
fcre= PcreiAg = 7.15 ksi .
The A1S1 Specification determines a 'k' value for each element, then fer, and finally the effective
width. The centerline dimensions (ignoring corner radii) are h = 8.94 in., b = 2.94 in., d = 0.47
in., and t = 0.06 in. For this example, consider the fer of each element as would be used in the
A1S1 Specification:
= 186.8 ksi
lip:
k = 0.43,
fcre.lip= 0.43[~E/(12(1-1.l2))](t/di
flange: k = 4,

fcre.flange= 4.0[~E/(12(1-1.l2))](t!b)2

= 44.4 ksi

web: k=4,
=4.8 ksi
fcre.web= 4.0[~E/(12(1-1.l2))](t/hi
Each element predicts a different buckling stress, even though the member is a connected group
of "elements". These differences in the buckling stress are ignored in the A1S1 Specification. The
high flange and lip buckling stresses have no real relevance given the web buckling stress.
Comparisons to the distortional buckling stress (fcrd) using k from B4.2 of the A1S1 Specification
do no better than given above (Schafer and Pek6z 1998, Schafer 2002). Finite strip analysis,
which includes interaction amongst the elements (7.15 ksi), shows that the flange aids the web
significantly in local buckling, increasing the web buckling stress by 50% over the simply
supported value of 4.8 ksi, but the buckling stress in the flange and lip are much reduced due to
the same interaction.
Whether calculated numerically, or by hand, the Direct Strength method relies on an accurate
determination of the member elastic buckling stress. Elastic buckling is a key concept for coldformed steel structures - effort spent on this calculation is rewarded with more efficient members
and structures. Understanding and interpreting typical finite strip analysis results, such as Figure
1, provides significant insight into the anticipated behavior of the member. Finally, numerical
analysis methods are now freely available for completing cross-section elastic buckling and a
variety of methods can give reliable predictions, including finite element, finite differences,
boundary element, generalized beam theory, finite strip analysis, and others.
Columns

An extensive amount of testing has been performed on concentrically loaded, pin-ended, coldformed steel columns (Kwon and Hancock 1992, Lau and Hancock 1987, Loughlan 1979, Miller
and Pek6z 1994, Mulligan 1983, Polyzois et al. 1993, Thomasson 1978). Data from these
researchers, totaling some 267 tests, was compiled and used for calibration of the Direct Strength
method. The geometric limitations listed in the Appendix are based on these experiments.
The provisions of Appendix I, applied to the column data, are summarized in Figure 2. The
controlling strength is either by section 1.2.2 which considers local buckling interaction with
long column buckling, or by section 1.2.3 which considers the distortional mode alone. The
controlling strength (minimum of the two) is highlighted for the examined members by the
choice of marker. Overall performance of the method can be judged by examination of Figure 2.
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Scatter exists throughout the data set, but the trends in strength are clear. For the same local and
distortional slenderness, distortional buckling has a systematically lower capacity than local
buckling. Using the provisions of Chapter F of the AISI Specification, and a target reliability (p)
of 2.5, a resistance factor (</» of 0.84 was calculated for the investigated columns. The scatter
shown in the data is similar to that of the AISI Specification. Since the AISI Specification has no
rules for distortional buckling, the Direct Strength method actually provides better agreement
than the AISI Specification for many members when compared with this test database.
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Figure 2 Direct Strength Method for concentrically loaded pin-ended columns
Beams
An extensive amount of testing has been performed on laterally braced beams (Cohen 1987,
Ellifritt et al. 1997, LaBoube and Yu 1978, Moreyara 1993, Phung and Yu 1978, Rogers 1995,
Schardt and Schrade 1982, Schuster 1992, Shan 1994, Willis and Wallace 1990) and on hats and
decks (Acharya 1997, Bernard 1993, Desmond 1977, Hoglund 1980, Konig 1978, Papazian et al.
1994). Data from these researchers was compiled and used for calibration of the Direct Strength
Method. The geometric limitations listed in the Specification are based on the experiments
performed by these researchers.
The provisions of Appendix I, applied to the beams, are summarized in Figure 3. The controlling
strength is either by section 1.3.2 which considers local buckling interaction with lateraltorsional buckling, or by section 1.3.3 which considers the distortional mode alone. The
controlling strength (minimum predicted of the two modes) is highlighted for the examined
members by the choice of marker. Overall performance of the method can be judged by
examination of Figure 3. The reliability of the beam provisions was determined using the test
data, and the provisions of Chapter F of the AISI Specification. Based on a target reliability (p)
of2.5 a resistance factor (</» of 0.90 was calculated for all the investigated beams.
The scatter shown in the data is similar to that of the AISI Specification. In fact, since the AISI
Specification has no rules for distortional buckling the Direct Strength method actually provides
better agreement for many members. Further, since the AISI Specification has no provisions for
members with longitudinal web stiffeners, the Direct Strength approach is applicable to a greater
variety of members.
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Figure 3 Direct Strength Method for Laterally Braced Beams
Looking forward: beam-columns
As work moves forward on this design approach beam-columns become of particular interest.
The simplest notion for extending the Direct Strength method for beam-columns would be the
use of interaction formulas of the form:
PIP n + MxlMnx + MylMny:S 1.0 .
Though generally conservative, this does not take advantage of the actual elastic buckling
solutions for eccentrically applied load (or equivalently an M,P pair). Since capacities Pn, Mnx,
and Mny are a function of the elastic buckling behavior, which is cross-section dependent, the use
of a linear interaction formula is overly simplistic.
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(b) Stress and buckling under eccentric load

Figure 4 Behavior of a lOOx75x2 mm Cee, Fy = 328 MPa, under minor-axis eccentric loads
For example, consider the unlipped channel column of Figure 4, with eccentricity causing minoraxis bending. Elastic buckling has a preferred eccentricity - eccentricities that relieve the
compression stresses on the lips increase Per. In Figure 4, P n is determined from Appendix Eq.
1.2.3-1 and -2, with Perd and Py suitably modified to Poerd and Poy. The modification is completed
by applying a load P and moment P'e in the model, as shown in Figure 4(b), and then performing
finite strip analysis to determine the buckling load Pocrd for the eccentrically applied load. P oy is
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the magnitude of the eccentrically applied load at which first yield occurs. PoyFPy , as Py is the
squash load - Le., yielding with no eccentricity. (Please note, the results of Figure 4 differ from
those reported by Rusch and Lindner (2001), in which it was assumed that a linear interaction
diagram could be used for Direct Strength, and no elastic buckling analysis was performed for
the eccentric loading.)
Figure 5 presents an extension to the work of Figure 4, in which a general solution for the
interaction diagram in minor- and major-axis bending has been proposed. Elastic buckling can be
determined for any eccentrically applied load, or equivalentally, for any ratio ofPIM the Mer and
Pcr for that ratio (Moc"Pocr) can be determined. Further, for any ratio ofPIM the M,P pair that
causes first yield (Moy,Poy) is also known. So, for any PIM ratio the key inputs to the Direct
Strength method are known: when the member buckles, and when the member yields.
Appropriate functions for local and distortional buckling have not been fully investigated for
beam-columns at this time, but at the limits of a beam or a column the Appendix 1 expressions
would apply. So, for the purposes of providing a demonstrative example here, these expressions
are extended to cover the case of a column which may undergo distortional buckling.
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Figure 5 Proposed interaction diagram solutions for distortional buckling of uulipped C

The Direct Strength formulas of Appendix I rely on functions that operate on the ratio of the
buckling load (or moment) to the yield load (or moment). For a given PlPy,MlMy pair, i.e., a
given angle 9 in the space defined in Figure 5. the ratio offcri'fy=PocrlPoy=MocrlMoy=1.,cri'Ay. Where
A, is the distance from the origin along a line defined by the PlPy,MlMy pair, for example:
1.,c,(9)=distance from 0,0 to Poc/Py,MocrlMy along any angle 9 (buckling)
Ay(9)=distance from 0,0 to PoylPy,MoylMy along any angle 9 (yielding)
1.,n(9)=distance from 0,0 to PnlPy,Mn,My along any angle 9 (nominal capacity)
In terms of an interaction formula, we may state that:

~(p/pJ + (M/MJ ~ 1.,n
Where, P and M are the applied loads, and in general
1.,n = f(1.,cr' 1.,y)
For the specific case of distortional buckling we might propose,
1.,n = (1-0.2S(1.,cr/1.,J 6X1.,cr/1.,J61.,y, for~1.,y/1.,cr > 0.561
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This expression was used to provide the interaction diagrams of Figure 5. Though just in its
beginning stages, this method provides an approach for beam-column interaction diagrams and is
readily extendable to the more general case of P ,Mx,My triplets. Comparison vs. assumed linear
interaction diagrams indicate large regions in which this approach would yield greater predicted
capacities, particularly for bending (eccentricity) about an unsymmetric axis, and in tensionbending interaction.
Future research

The Direct Strength method is a design method - not a general theoretical solution to collapse of
thin-walled structures. The key assumption is the relevance of the member elastic buckling
solution and first yield for determining capacity. For a large variety of flexural and compression
members the efficacy of the Direct Strength Method has been demonstrated. However, much
research remains, including:
• verification and further examination of beam-columns and eccentric loads,
• members with isolated and patterned perforations,
• laterally un-braced flexural members,
• members with significant neutral axis shift in the post-buckling regime,
• geometric limitations and definition of members in which the method is applicable,
• fine-tuning and further calibration of strength expressions,
• interaction of distortional buckling with other modes,
• shear and shear interaction issues,
• calibration of new cross-sections, and
• general method for elastic distortional buckling of all cross-sections.
Conclusions

The Direct Strength method is a promising design method for cold-formed steel members. The
method relies on a member level elastic buckling solution and strength formulas to directly use
those solutions for capacity determination. Inclusion of a member level elastic buckling solution
insures inter-element compatibility and equilibrium are maintained, something not done in
effective width methods. The strength formulas consider all relevant buckling modes: local,
distortional and global buckling. For a wide variety of beams and columns the reliability of the
method (<1» is shown to be equal to the AISI Specification. Further, the method is successfully
applied to several cross-sections in which the AISI Specification provides no provisions.
Extensions to beam-columns with direct solution of eccentric loads are possible and desirable.
Improvements over linear beam-column interaction diagrams may be marked for some crosssections. The Direct Strength method provides a means to integrate numerical elastic buckling
analysis into design and integrates known behavior into a design procedure. Much work remains
for extending the method, but the basic efficacy of the procedure has been proven, and with
Appendix 1 the method can be used as a supplementary tool in design.
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Appendix 1:
Design of Cold-Formed Steel Structural Members by the Direct Strength Method
[As drafted for the AISI Committee on Specifications and presented in February 2002. Comments in brackets have
been added in this version to aid the reader. Although this document is written in specification language it is NOT a
consensus document and does not carry the weight of the main AISI Specification nor the new North American
Specification (NAS).]

Preface
[Preface deleted for brevity - please see www.ce.jhu.edu/bschaferforcomplete contents]

1.1

General Provisions

1.1.1 Applicability
The provisions of this Appendix are applicable for determination of the nominal axial (P n) and
flexural (Mn) strength of cold-formed steel members. Sections 1.2 and 1.3 present a method
applicable to all cold-formed steel beams and columns consistent with the rational analysis
clause of Section A 1.1 (b) of the main Specification [the generic rational analysis clause is new to
the 2002 North American Specification]. Those members meeting the geometric and material
limitations of Section 1.1.1.1 for columns and 1.1.1.2 for beams have been pre-qualified for use,
and calibrated nand <P factors apply.
Currently [February 2002], the Direct Strength method provides no explicit provisions for
members in: shear, combined bending and shear, web crippling, combined bending and web
crippling, or combined axial load and bending (beam-columns). Further, no provisions are given
for structural assemblies or connections and joints. As detailed in ALl of the main Specification,
the provisions of the main Specification, when applicable, shall be used for all cases listed above.
For inapplicable members or situations, obvious extensions to the Direct Strength method may
exist (e.g. in shear, in certain structural assemblies, etc.). Users who choose to employ such
extensions to the Direct Strength method are subject to the same provisions as any other rational
analysis procedure as detailed in Section Al.1(b) of the main Specification: (1) applicable
provisions of the main Specification must be followed when they exist, (2) reduced <p and
increased n factors are employed for strength when rational analysis is conducted.
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1.1.1.1 Pre-qualified Columns
Unperforated columns that fall within the geometric limitations given below have been prequalified and may use the higher cp and [lower] Q factors of section 1.2. All dimensions are outto-out
Lipped Channel
34 < hit < 472
b
18 < bIt < 159
4 <d/t<33
0.7 < h/b < 5.0
0.05 < dIb < 0.41
9-90deg.
340 < E/Fy < 1020
; (29ksi < Fy < 86ksi) or (200MPa < Fv < 593MPa)
Lipped Channel with 105 < hit < 489
Web Stiffener(s)
68 < bIt < 160
6 <d/t<33
1.3 < h/b < 2.7
dIb- 0.20
0.4 < did < 2.8 (one or two intermediate stiffeners)
340 < E/Fy < 820
(36ksi < Fv < 86ksi) or (248MPa < Fv < 593MPa)
Zee (Zed)
76 <h/t< 137
b
30 < bIt < 56
0< d/t< 36
1.5 < h/b < 2.7
0.00 < dIb < 0.73
9-50deg.
ElFy -590
(Fy - 50ksi) or (Fy - 345MPa)
34<h/t<51
12 < bIt <22
5<d/t<8
2.1 < h/b < 2.9
1.6 < bid < 2.0 (b2=small outstand parallel to b)
did - 0.3 (d2=second lip parallel to d)
ElFy -343
(Fy - 86ksi) or (Fy - 593MPa)
33 <h/t< 50
Hat
12 < b/t<20
4<d/t<6
1.0 < h/b < 1.2

·c

.[

J

CC
t

dIb-0.13
428 < E/Fy < 952
(31ksi < Fv < 69ksi) or (214MPa < Fv < 476MPa)
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1.1.1.2 Pre-qualified Beams
Unperforated beams that fall within the geometric limitations given below have been prequalified and may use the higher <\l and [lower] n factors of section 1.3. All dimensions are outto-out. All beams are bent about a horizontal axis as shown in the figures.
Channels
43 < hit < 321
b
12 < bit < 75
h

[

~dB

Lipped Channels
Stiffener

O<d/t <34
1.5 <h/b < 17.0
0.0 < d/b < 0.70
44 deg. < S < 90 deg.
.
421 < ElFy < 983
(30ksi < Fv < 70ksi) or (207MPa < Fv < 483MPa)
Web 200 < hit < 358
29 <bit < 58
14 < d/t < 17
5.5 < h/b < 11.7
0.27 < d/b < 0.56
S - 90 deg.
578 < ElFy < 670
(44ksi < Fy < 51ksi) or (303MPa < Fy < 352MPa)
114 < hit < 183
45 < bit < 71

with

'I[
Zee (Zed)
b

I"

10<d/t<16

Hats (Decks)

"""'Wt"~""f'£"'/~~
~

•

.,..<It~

... h..,......,.

.
.
.
.
,
JrL

Trapezoids (Decks)
lET- J.

.
,.:

l,

.' ".

k-b,--'>I

!

j~"

---:"I

.'t. .

\

".,

"

2.5 < h/b < 4.1
0.15 < d/b < 0.34
36 deg. < S < 90 deg.
440 < ElFy < 921
(32ksi < G < 67ksi) or (220MPa < Fv < 462MPa)
37 <hit < 97
92 < belt < 467
o< d,lt< 26
0.14 < h/bc < 0.87
0.44 < bel2bt < 2.7
0<n<4
492 < ElFy < 656
(45ksi < Fy < 60ksi) or (3IOMPa < Fy < 414MPa)
51 < hit < 203
61 < belt < 231
0.42 < (h/sinSh)/bc < 1.91
0.55 < bel2bt < 1.69
0< nc < 2 (compression flange stiffener)
o< nw < 2 (web stiffener/fold)
o< nt < 2(tension flange stiffener)
52deg. < Sh < 84deg.
310 < ElFy < 686
(43ksi < Fy < 95ksi) or (296MPa < Fy < 655MPa)
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1.1.2 Elastic Buckling
Elastic buckling of cold-formed steel members under flexure or axial load may involve three
distinct buckling modes: local, distortional, and overall [global]. Rational analysis is required for
determination of the elastic buckling loads and or moments used in the Direct Strength method,
namely, for columns Pere, Perd, and Pere of 1.2, and for beams Mere, Merd , and Mere of 1.3. For a
given beam or column all three modes may not exist. In this case, the non-existent mode should
be ignored in the calculations of sections 1.2 and 1.3.
The rational analysis methodes) employed for determination of the elastic buckling loads and or
moments shall provide the solution for the member as a whole. Compatibility and eqUilibrium
between the elements that comprise a member must be included, or if neglected in part or in full,
must be done so in a conservative fashion for the entire member. The rational analysis model
employed should be able to reproduce classic benchmark problems (at a minimum a simply
supported plate in pure compression and pure bending) with no more than a 1% over-estimation
of the exact buckling solution. The same methods used to produce benchmark solutions (e.g., the
element sizes and density for the finite element or finite strip method) must also be employed in
actual solutions on members.
The commentary to this Appendix [see online materials] discusses a variety of applicable
rational analysis methods for elastic buckling prediction. Two methods which meet the criteria of
this section are discussed in full detail: (1) a conservative extension of conventional hand
solutions, and (2) a numerical implementation of the finite strip method. Complete formulas for
the former method are provided in the Appendix. For the latter method a free program complete
with tutorials and examples is referenced and discussed in the Appendix [see commentary at
www.ce.jhu.edulbschafer for hand and numerical solution]. Elastic buckling is a well-defined
and repeatable calculation; a variety of other methods: finite element, boundary element,
generalized beam theory, can provide a reliable solution. Any methods meeting the criteria of
this section are acceptable as a rational analysis method for elastic buckling prediction.

1.1.3 Deflection Determination
The bending deflection at any moment (Ma) due to service loads, may be determined by reducing
the gross moment of inertia, Ig, to an effective moment of inertia for deflection, per:
Ieff = Ig(Mn.IM.)
(Eq. 1.1.3-1)
where: Mna = Mn of section 1.3, determined with My replaced by Ma
M. = moment due to service loads on member ofinterest (M.:'S My)
The axial deflection at any service load ( Pa) may be determined by reducing the gross area, Ag,
to an effective area for deflection, per:
Aeff= Ag(PnalPa)
(Eq. 1.1.3-2)
where: P na = P n of section 1.2, determined with Py replaced by Pa
P a = service load of interest (P.:'S Py)
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1.2 Columns
The nominal axial strength, Pn, is the minimum ofP ne , Pne and Pnd as given below.
For col umns meetmg t h e geometric criteria 0 f section 1.1.1.1,
Canada
USA and Mexico

I

nc (ASD) <l>c (LRFD)

<I>

and n are as follows:

<l>c (LSD)

1.80
0.80
I 0.85
For all oth er co umns, stan dard ratlOna anaI sis values are used: 0.9<1> and I.ln, as follows:
USA and Mexico
Canada

I

nc (ASD) <l>c (LRFD)
2.00

L

<l>c (LSD)
0.70

0.75

1.2.1 Flexural, Torsional, or Flexural-Torsional Buckling
The nominal axial strength, Pne, for flexural, torsional, or flexural-torsional buckling is
for /..,

~

1.5

for /..C > 1.5

(
.; )l'y
\...
Pne -- ,0.658

Pn, = [

(Eq.1.2.1-1)

0~2~7 Jry

(Eq. 1.2.1-2)

where /..c= ~Py jP,,,

(Eq. 1.2.1-3)

Py = AgFy
Pere = Minimum of the critical elastic column buckling load in flexural,
torsional, or flexural-torsional buckling

(Eq. 1.2.1-4)

1.2.2 Local Buckling
The nominal axial strength, Pne, for local buckling is
for /..e~ 0.776

Pne = Pne

for /..e > 0.776

P ne = [1_0.15[PPore J°.4][PPore Jo.4 Pne

(Eq. 1.2.2-1)

ne

(Eq. 1.2.2-2)

ne

where /..C= ~Pn,/Pore

(Eq. 1.2.2-3)

Pere = Critical elastic local column buckling load

1.2.3 Distortional Buckling
The nominal axial strength, Pnd, for distortional buckling is
for /..d~ 0.561 Pnd = Py

fo,,">056l Poo~ [l-02{~: r][~7l"'r,
where /..d= ~PrlPord
Pcrd = Critical elastic distortional column buckling load

(Eq.1.2.3-1)
(Eq. 1.2.3-2)
(Eq. 1.2.3-3)

662

1.3

Beams

The nominal flexural strength, Mn, is the minimum ofMne, Mne and Mnd as given below.
For be ams meetmg the geometrIc CrIterIa 0 f section 1.1.1.2,
USA and Mexico
Canada
Ob (ASD)

1.67

I%(LRFD)

%(LSD)

0.90

0.85

I

<I>

and 0 are as follows:

I . values are used: 0.9<1> and 1.10, as follows:
For all other b earns, standard ratlOna ana!ysls
USA and Mexico
Canada
Ob (ASD)

1.85

1.3.1

I%(LRFD)
I

%(LSD)
0.75

0.80

Lateral-Torsional Buckling

The nominal flexural strength, Mne, for lateral-torsional buckling is
for Mere < 0.56My
Mne = Mere

1f My (1- ;:~:,,)

for 2.78My2:Mer20.56My

Mne =

for Mere> 2.78My

Mne = My

(Eq. 1.3.1-1)
(Eq. 1.3.1-2)
(Eq. 1.3.1-3)

where
My = SgFy , where Sg is referenced to the extreme fiber in first yield
Mere = Critical elastic lateral-torsional buckling moment

(Eq. 1.3.1-4)

1.3.2 Local Buckling
The nominal flexural strength, Mne, for local buckling is
for A.1,:5: 0.776

Mne = Mne

for A.e> 0.776

Mne=

(Eq. 1.3.2-1)

[1-0.1s(~:: r](~:: r Mn.

where A.F ~Mno 1M",

(Eq. 1.3.2-2)
(Eq. 1.3.2-3)

Mere = Critical elastic local buckling moment
1.3.3 Distortional Buckling
The nominal flexural strength, M nd , for distortional buckling is
for A.d:5: 0.673 Mnd = My

fo.">0.673 ""'~ [1-0~~7 f][%:'

r

where A.d= ~My /M"d
M erd = Critical elastic distortional buckling moment

M,

(Eq. 1.3.3-1)
(Eq. 1.3.3-2)
(Eq. 1.3.3-3)

